chamber ICD is a more complex and time-consuming procedure than implanting a single-chamber device, the possibility of device-related complications such as infection and lead displacement requiring reoperation is likely higher. However, the risk of longer-term complications, including mechanical complications requiring reoperation, is unknown.
In aggregate, the major primary prevention clinical trials of the efficacy of ICDs evaluated predominantly singlelead devices; thus, the Centers for Medicare & Medicaid Services (CMS) National Coverage Decision for ICDs states that "providers must be able to justify the medical necessity of devices other than single lead devices."
1 In contrast to the CMS guidance, current American College of Cardiology/American Heart Association/Heart Rhythm Society practice guidelines do not specify whether a single-or dual-chamber ICD should be used among patients receiving an ICD for primary prevention who do not have pacing indications. 2 In a national sample, more than two-thirds of patients receiving an ICD received a dual-chamber device; and among those receiving dualchamber devices, 60% did not have a pacing indication. 3 Furthermore, marked geographic variation in the use of dual or single devices exists that is largely unrelated to patient characteristics. 4 This variation in use, presumably in part, reflects a lack of clarity regarding the long-term safety and outcomes of dualchamber devices relative to singlechamber devices.
Thus, the aims of this study were to identify patients without an indication for pacing and compare outcomes, including mortality, hospitalizations, and longer-term implant-related complications between single-and dualchamber devices.
METHODS

Data Source
Patients were enrolled from the National Cardiovascular Data Registry's (NCDR's) ICD registry. The ICD registry was established in 2005 through a partnership of the Heart Rhythm Society and the American College of Cardiology Foundation. On April 1, 2006, it became the sole repository of ICD implant data for Medicare beneficiaries. With a Coverage with Evidence Decision in January 2005, CMS mandated that hospitals enter Medicare patients receiving primary prevention ICDs into the database. 5 Nearly 80% of participating hospitals report data on all implants regardless of payer or indication. 6 Clinical, demographic, and procedural information is collected in addition to information about adverse events until the time of discharge using standardized data elements and definitions. Data are submitted by participating hospitals using certified software. Data quality is examined using a formal Data Quality Reporting and audit process. 7, 8 Longitudinal outcomes were obtained by linking NCDR registry files with Medicare inpatient fee-forservice claims using probabilistic matching, as previously described. 9 
Study Population
All admissions from 2006-2009 that could be matched to CMS Medicare fee-for-service claims data were identified. Patients were excluded if they 
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were not in the fee-for-service plan; had a previous ICD or pacemaker; had an ejection fraction of more than 35%; or if their ejection fraction was unknown, received an ICD for secondary prevention, received a biventricular device, or if device type was missing; or had a documented indication for pacing. Pacing indications were ascertained from the NCDR data collection form and included second-or thirddegree heart block, previous bradycardic arrest, abnormal sinus node function, or a documented paced rhythm. Atrioventricular conduction is determined by electrocardiographic findings at the time of the decision to implant an ICD and is recorded in the registry as normal, first-degree heart block, or second-or third-degree heart block without pacing, and paced. Sinus node function is recorded in the registry as normal or abnormal prior to the date of implant. The Yale University human investigation committee approved the analysis and determined that informed consent was not applicable to the data collected by the registry (FIGURE).
Outcomes
Outcomes were ascertained from the time of implant through December 2010 from CMS claims data and included allcause mortality, all-cause readmission, and readmission for heart failure at 1 year based on a primary discharge diagnosis of heart failure. Complications were evaluated using the definition used for a performance measure developed for CMS in partnership with the American College of Cardiology and endorsed by the National Quality Forum. 10 Because this measure was developed for public reporting purposes, only the most serious complications after implant (eg, pneumothorax requiring chest tube placement rather than any pneumothorax) are included.
Based on input from a technical expert panel convened as part of the metric development, the time frames used for the assessment of each complication varies depending on the extent to which the panel deemed it likely to have been attributable to the ICD implant. These measures have standard definitions and include (1) pneumothorax requiring chest tube at 30 days; (2) a subsequent ICD implanted within 90 days of the index procedure would be an unplanned event.
Patient and Clinician Characteristics
Independent patient-level variables were obtained from the NCDR ICD registry and included: demographic characteristics (age, sex, race, insurance payer); reason for hospitalization; patient comorbidities and risk factors, including: syncope, family history of sudden death, history of heart failure, admission New York Heart Association classification, cardiac arrest, atrial fibrillation or flutter, ventricular tachycardia, etiology of cardiomyopathy (ischemic, nonischemic), myocardial infarction, coronary artery bypass graft surgery, percutaneous coronary intervention, valvular surgery, cerebrovascular disease, chronic lung disease, diabetes, hypertension, and renal failure (hemodialysis); diagnostic information: ejection fraction, whether an electrophysiology study was performed, QRS duration, whether the PR interval could be attained, presence of first-degree heart block, presence of an intraventricular conduction abnormality, serum creatinine, serum blood urea nitrogen, serum sodium level, and systolic blood pressure; and discharge medications: angiotensin-converting enzyme inhibitor, angiotensin II receptor blocker, and ␤-blocker. Physician characteristics included annual volume of ICD implants and level of training. Hospital characteristics included annual volume of ICD implants, geographic location, profit type (government, private or community, university), type of community (rural, suburban, urban), number of patient beds, teaching status, and presence of an electrophysiology laboratory in the hospital. Missing data were rare for all variables (Ͻ1%). To avoid case-wise deletion of those observations with missing data points, missing values were imputed. For categorical variables, the missing variables were imputed as the most common value among those with the data present. For example, for the categorical variable New York Heart Association class, missing values were imputed as class II. For continuous variables, the missing values were imputed as the median.
Statistical Analysis
Baseline characteristics were compared between patients who received a single-chamber device and patients who received a dual-chamber device using t tests for continuous variables and 2 tests for categorical variables. Unadjusted outcome rates were compared between patients who received a singlechamber device and patients who received a dual-chamber device using t tests. Power calculations were not performed because the study was retrospective with a fixed sample size. The Abbreviations: EP, electrophysiology; HRS, Heart Rhythm Society; ICD, implantable cardioverter-defibrillator.
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precision of the estimates for the hazard ratios between single-and dualchamber ICDs is reflected in the confidence intervals for these estimates. Because patients were not randomly assigned to receive single-or dualchamber devices, we attempted to create more comparable treatment groups using propensity-score matching to adjust for differences in observed characteristics. The log odds of the probability that a patient received a dualchamber ICD was modeled as a function of all of the available data about the patients, clinicians, and hospitals at the time of the implant. The distribution of predicted probabilities was compared between treatment groups to ensure enough overlap in predicted probabilities to permit comparison of outcomes.
A 1-to-1 matched analysis was then performed without replacement on the basis of the estimated propensity score of each patient in the study. Using the estimated logits, a patient who received a dual-chamber device was randomly selected and then matched to the closest patient with a single-chamber device. Patients with a single-chamber device who had an estimated logit within 0.6 SDs of selected patients with dual-chamber devices were eligible for matching. This matching interval has been shown to eliminate approximately 90% of the bias in observed confounders. 11 The success of matching was evaluated by examining standardized differences in the observed patient and clinician characteristics between singleand dual-chamber treatment groups. Small absolute differences in standardized differences (Ͻ10%) support the assumption of balance of observed variables between treatment groups. 12 Using matched pairs, McNemar tests were performed to determine whether rates of subsequent complications, mortality, all-cause admission, and heart failure admission differed between recipients of single-and dual-chamber devices. Medications prescribed at discharge following ICD implant may affect longitudinal outcomes of hospitalization and mortality but were not known at the time of the decision of which device type to implant and therefore were not included in the model determining the propensity to receive a dual-chamber device. Following propensity-score matching, multivariable survival models accounting for matched pairs were generated including discharge medications for the outcomes of mortality, all-cause hospitalization, and heart failure hospitalization at 1 year. In secondary analyses, multivariable survival models accounting for clustering among hospitals were generated. The assumption of proportionality was tested and met for the Cox proportional hazards analyses. For 1-year mortality, the model was censored for patients who did not die within a year; for 1-year readmission, the model was censored for patients who did not get readmitted within a year, including death within a year; similar methods were applied to heart failure readmission within a year. The statistical significance of differences among strata was tested with a 2-way interaction term in survival models accounting for matched pairs.
The relationship between device type and outcomes was also explored in prespecified subgroups of the propensitymatched cohort. Analyses were stratified by age, sex, and renal dysfunction (defined as serum creatinine Ͼ2 mg/dL [to convert mg/dL to mol/L, multiply by 88.4]) or undergoing dialysis. All statistical tests were 2-sided with a significance threshold of PϽ.05. All analyses were performed using the statistical packages of SAS version 9.3 (SAS Institute Inc) and STATA/SE 10.0 (StataCorp LP).
RESULTS
Between January 2006 and December 2009, 180 734 patients received an ICD that could be matched to CMS claims. Patients were excluded if they had a previous ICD (n=55 822), previous pacemaker (n=19 214), ejection fraction of more than 35% (n=12 000) or unknown ejection fraction (n=1362), receipt of an ICD for secondary prevention (n=11 421), receipt of a biventricular (n = 36 007) or unknown device type (n=107), or a documented pacing indication (n=12 767), resulting in a study cohort of 32 034 patients from 1270 hospitals (Figure) . In this cohort, 19 788 patients (62%) = received a dualchamber device and 12 246 (38%) received a single-chamber device. Patients who received a dual-chamber device were more likely to be men; have a history of syncope, sustained or nonsustained ventricular tachycardia, and ischemic heart disease; have an ejection fraction of at least 30%, a firstdegree heart block, a right or left bundlebranch block; and a wider QRS duration (TABLES 1 and TABLE 2). 
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Unadjusted rates of any complication were higher for dual-chamber ICDs, with the largest absolute difference in mechanical complications requiring repeat operation for system revision (TABLE 3) . Among the overall cohort, the unadjusted rate of hospitalization for heart failure within 1 year of receiving an implant was modestly lower for single-chamber devices ( Tables 1 and  Table 2 except discharge medications) and had an area under the receiver operating characteristic curve of 0.66 (95% CI 0.65-0.67). This suggests that the choice of a dualchamber device is relatively random with respect to patient characteristics, which itself does not indicate a diminished capacity to reduce confounding. Sufficient overlap between the 2 groups existed to compare treatment effects (eFigure available at http://www.jama .com). In total, 11 619 patients (95%) with a single-chamber device were matched to 11 619 patients with dualchamber devices. After propensityscore matching, standardized differences were less than 10% for all variables, indicating the 2 treatment groups were similar with respect to observed characteristics (TABLES 4 and TABLE 5).
In the propensity-matched cohort, rates of any of the assessed complications were significantly lower for singlechamber ICDs (3.51% vs 4.72%; PϽ.001; risk difference, Ϫ1.20; 95% CI, Ϫ1.72 to Ϫ0.69), with the largest absolute difference in mechanical complications requiring system revision (1.43% vs 1.98%; P=.001; risk difference, Ϫ0.55; 95% CI, Ϫ0.88 to Ϫ0.22; TABLE 6) Rates of all-cause hospitalization, heart failure hospitalization and mortality at 1 year did not differ between device types ( P=.12 for 1-year heart failure hospitalization). Results were similar in models also accounting for clustering among hospitals.
Rates of any complication were higher among patients receiving dualchamber devices for all subgroups (age, sex, and presence of renal dysfunction). Women receiving dual-chamber devices had a particularly high rate of complications (6.43%; TABLE 7) However, no statistically significant interactions between these subgroup characteristics and device types were identified (all P values for interaction Ͼ.05). Furthermore, no significant differences in the association between device type and mortality, all-cause hospitalization, or heart failure hospitalization were observed for any of the subgroups evaluated (P values Ն.05 for interaction between stratification variable and device type for all outcomes).
DISCUSSION
The objective of this study was to compare mortality, hospitalizations, and complications among patients without a pacing indication who received single-or dual-chamber ICDs for primary prevention of sudden cardiac death. During the period studied, more than 60% of the Medicare fee-forservice primary prevention ICD recipients enrolled in the NCDR ICD registry received dual-chamber devices in the absence of pacing indications. No significant difference in mortality, allcause hospitalization, or heart failure hospitalization was observed between single-and dual-chamber device types at 1 year. No difference in the association between device type and these outcomes was observed among prespecified subgroups of patients by age, sex, or presence of renal dysfunction. In contrast, dual-chamber devices were associated with a higher risk of complications in the overall cohort and in the prespecified patient subgroups, with the largest absolute difference in mechanical complications requiring reoperation for system revision.
This study expands the current understanding of the contemporary comparative outcomes of patients receiving ICDs for primary prevention. In this large national cohort of Medicare patients, dual-chamber devices did not have any observed advantage with regard to mortality or hospitalization compared with single-chamber ICDs. These results are consistent with 2 randomized trials, which demonstrated that atrial pacing with minimal ventricular pacing offers no advantage over a single-chamber ventricular back-up pacing mode with regard to hospitalization or death. 13, 14 Although randomized comparisons mitigate certain types of bias, clinical trials have limited applicability to everyday practice, which include a broader, sicker population and the delivery of the intervention under usual care circumstances and in the setting of contemporary medical therapy. Additionally, small numbers of women and elderly patients in prior clinical trials may have precluded the detection of differences in outcomes in these subgroups. This study addresses important gaps in the understanding of the real-world outcomes of ICDs by comparing the rates of mortality and hospitalization (both all-cause and for heart failure) among a community-based 
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cohort of elderly patients receiving dualchamber ICDs and a similar population of patients receiving singlechamber ICDs for primary prevention and among clinically important subgroups of patients who were underrepresented in clinical trials. Our study also advances the understanding of the risks of dual-chamber devices. Because implanting a dualchamber ICD is a more complex and time-consuming procedure than implanting a single-chamber device, the possibility of device-related complications such as infection and lead displacement requiring device revision is likely to increase. Indeed, we observed a greater risk of complications among patients receiving dual-chamber devices. Our findings are consistent with a prior study of communitybased patients with implants that found a higher rate of in-hospital complications among those receiving a dualchamber device. 3 However, this prior study did not evaluate complications that occurred after discharge after the device had been implanted, which may result in differential ascertainment as a function of length of stay. Prior studies of device complications beyond the index hospitalization have not differentiated between device types. 15, 16 Our study found that in a real-world setting, rates of complications after implant were higher among those receiving dual-chamber devices. In particular, the rate of mechanical complication requiring reoperation for system revision was the most common complication and was higher among patients receiving dual-chamber devices.
Use of dual-chamber devices has cost implications as well. Cost-effectiveness analyses of the primary prevention trials assumed the use of singlechamber devices to provide estimates both for the costs and complications of ICD implants. 17, 18 Dual-chamber devices are more costly for the initial implant and are associated with an increased risk of complications and have a greater risk of generator depletion, 3, 19, 20 both of which have associated costs. Thus, expert recommendations to improve the cost-benefit ratio of ICDs include careful selection of single-vs dual-chamber devices. 21 Despite the absence of compelling evidence to support these more costly devices, which are also associated with higher complication rates, current practice is highly variable. 22 Our study does not provide evidence that would support the more costly and more morbid device for patients receiving an ICD for primary prevention.
A theoretical benefit of dual chamber ICDs that we were unable to evaluate in this study is enhanced rhythm detection with a decrease in inappropriate shocks. It is intuitive that with an atrial lead, dual-chamber devices could substantially reduce inappropriate shocks because of their capacity to use atrial and ventricular information to recognize rhythms. However, a benefit of dual-chamber devices in decreasing inappropriate therapies has not been established. [23] [24] [25] [26] A multicenter clinical trial found that although dual-chamber devices have decreased the odds of inappropriate rhythm diagnosis, it did not find any difference in risk of inappropriate shock. 27 A recent study found that device programming could improve outcomes. 28 Although only dualchamber devices were included, the programming features evaluated did not require a dual-chamber device. Future studies are needed to determine whether the increased complications associated with dual-chamber devices are offset by a subsequent reduction in inappropriate therapies.
In addition to the inability to evaluate device therapies, several other issues should be considered in the interpretation of this study. First, we were unable to assess upgrades from singleto dual-chamber devices. Another rationale for implanting a dual-chamber device is potential progression of conduction disease requiring an upgrade from a single-to a dual-chamber device. One study found that initially implanting a dual-chamber device is the least costly approach when the rate of upgrades was 10%. 19 However, this is nearly double the rate of development of the need for dual-chamber pacing observed in clinical trials. 29, 30 Second, device settings were not available. Although practice patterns have largely evolved to use programming strategies that minimize right ventricular pacing in patients with dual-chamber ICDs, we were unable to ascertain whether these strategies were used. Finally, we were not able to evaluate outcomes of quality of life or development of atrial fibrillation because data regarding these outcomes were not available. The strengths of the study include a large contemporary population-based cohort of patients receiving an ICD for primary prevention and the evaluation of hard clinical end points at long-term follow-up. However, the data are observational. Propensity-score matching was used to create comparable treatment groups according to measured confounders, but residual confounding by either unmeasured or incompletely measured factors cannot be excluded.
CONCLUSION
Many patients receiving primary prevention ICDs receive dual-chamber devices. Dual-chamber devices do not appear to offer any clinical benefit over single-chamber devices with regard to death, all-cause readmission, or heart failure readmission in the year following implant. However, dual-chamber ICDs are associated with higher rates of complications. Therefore, among patients without clear pacing indications, the decision to implant a dual-chamber ICD for primary prevention should be considered carefully.
